Competition is a word of various meanings. In biology, it originally was introduced to account for the low (2) found that the closer the plants were spaced to one another, the more they inhibited each other. But, it appeared from their data (see Table 1 ) that: (i) all plants in a competition plot were equally reduced in growth, and (ii) with increasing density of the planting, the production of the plants per unit area tended to reach a maximum value, which was not changed with further decreases in spacing. This is a common experience in all agricultural spacing tests, a result that shows that this form of competition does not provide a mechanism for selection, since all individuals are equally inhibited. The same experience was gained from observations in the field.
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In the center of Death Valley near the headquarters of the National Monument, with an average yearly rainfall of about 40 mm, the vegetation is exceedingly poor. Only very few shrubs-such as Larrea, Atriplex hymenelytra, and Tidestroemia-grow in that area, and the number of seedlings of annual plants appearing after rain is small (see Table 2 ). With the 585 exception of 1969, almost as many ripe seeds were produced as seeds germinated, which means that a rather precarious dynamic equilibrium exists for the few annual plants growing in the center of the valley (Geraea canescens, Chorizanthe rigida, and Chaenactis carphoclinia). Exceptional seed years like 1935, 1947, and 1969 are needed to replenish the seed population in the driest parts of Death Valley, where normally no seed surpluses are produced to feed harvester ants (Veromessor) and seed-eating rodents (Dipodomys). Consequently, these seed eaters are mostly absent in the driest areas of the desert.
In the less dry parts of Death Valley 12 plots, each about 0.2 i2, were surveyed from January through June. Table 3 shows the germination and survival data for these plots in the years 1968 and 1969 . A total of 2893 seedlings were marked in these plots, of which 1178 (41%) survived, flowered, and set seed, and 33,951 mature seeds were formed. This is an average of 29 seeds per plant, or 12 new seeds per germinated seed. In other years and other deserts a 10-to 20-fold increase in the number of seeds produced per seed germinated was also found. The survival of 41% of all seedlings was slightly lower than in other deserts [Southern California (3) , over 50%; Southern Nevada (4), 56%; Southern Nevada (Went 1972 , unpublished data), 53% ]. Some seedlings disappeared because they were eaten by rodents or insect larvae (Oenothera clavaeformis by Altica torquata), but most died in the early stages of germination when their roots did not penetrate properly in the soil. But, once established, the seedlings survived for practically 100% to flowering. Only in a few of the taller plants (Mfalacothrix californica, Atrichoseris platyphylla, and Chaenactis carphoclinia) was reproduction poor, because their flowerbuds were grazed off. The general conclusion to be drawn from these observations, therefore, is that the selection of the survivors in the population of annuals in the desert is not a result of competition among themselves. Since there is a 10-to 20-fold increase in seeds with each germination event, what is the selection process that keeps the desert seed population from increasing exponentially? Anywhere from 90 to 95% of all seeds produced have to disappear. This disappearance is not due to decomposition of seeds by microorganisms. In the first place, we do not find partially digested seeds in these desert soils. Besides, we know that the seeds of annuals under dry desert conditions remain fully viable for at least 20 years (5) .
Removal of seeds by seed-eating animals must be considered seriously. Tevis (6) found in the desert that "the estimated amount of seeds taken by the ants (Veromessor pergandei) from an acre in 12 months compared with the estimated number of seeds -produced in a poor year showed that the insects do not seriously affect the total seed supply." But Tevis' ants had gone through a long drought period, and were very much reduced in numbers. An ant nest (also of Veromessor per- (7)], actually remove most of the overproduction of seeds, resulting in an "ever-normal granary." Therefore, it is not competition among themselves, but predation of their seeds by ants and rodents, that keeps the population of desert annuals on an even keel. This lack of competition among seedlings and mature plants was also found by Kooper (8) among weeds in fallow fields in Java, where the number of seedlings was counted soon after plowing. This contrasts with an observation of Darwin, who mentions in The Origin of Species (9): ". on a piece of ground 3 feet long and two wide, dug and cleared, and where there could be no choking from other plants, I marked all the seedlings of our native weeds as they came up, and out of 357 no less than 295 were destroyed, chiefly by slugs and insects." In Darwin's case, only 18% of the weeds survived, although not by competition with each other.
Whereas the previous observations show that close spacing of seedlings does not result in differential survival and elimination of-presumably-the weaker plants, the individuals remain smaller the closer the spacing. The mechanism of this mutual inhibition has not been established, but even in the most extreme case it does not result in elimination of plants.
In the desert, kangaroo rats (Dipodomys) and pocket mice (Perognathus) collect seeds that they carry in cheek pouches (13) .
Allelopathic substances may be volatile, for example, they may be terpenes (14) and operate via the air, or they may diffuse through the soil; they may be produced by living roots, or may be derived from decaying above-ground parts; they may inhibit other plants indiscriminately or where the presence of one plant enhances rather than inhibits growth of another, where cooperation rather than competition reigns, where inclusion rather than exclusion is involved in community development. This relationship was pointed out by Kropotkin (15) Thus far, we have looked only into interplant competition. An entirely different aspect is intraplant competition. This effect has, of course, no evolutionary significance, for it will not change the species composition of the vegetation.
Each plant should be considered not as an individual, but as a colony, very much like in animals a coral, a bryozoon, or a syphonophore is a colony of similar or of differentiated individuals. There is a strict control of growth that keeps the individual parts of a plant-stems, roots, buds, flowers-in equilibrium, and that insures a harmonious development.
Through correlative inhibition only a limited number of buds develops into shoots, and this control is part of the mechanism by which plants competing for space keep their proportions. The more space a wheat plant has, the more basal buds develop into tillers and produce ears. Since the expansion growth of new leaves is controlled by existing leaves, the leaf size of closely spaced sunflowers, already reduced by strong competition, will remain small (see Table 1 ). In this way, the interplant competition causes a more severe intraplant competition, through hormonal control. In the case of the sunflowers of Table 1 , the intraplant competition almost completely balances the interplant competition, a balance that results in a constant amount of plant mass per unit growing surface. This effect makes the planting density uncritical for yield per acre for a farmer, at least beyond a minimal density. At higher densities the farmer may waste seed in planting, and he may have trouble in controlling weeds, but he does not significantly change his total yield per acre.
In a montane Sierran forest, intratree competition turned out to be more severe than intertree competition. In Little Valley, a valley located 40 km south of Reno between Lake Tahoe and Washoe Lake at 1900 m altitude, the meadow in the center of the valley is bordered by dense forests of Pinus murrayana, where the ground water stays within 10-100 cm of the surface the year around. In the densest stands the light intensity is only a few percent of that outside the forest, and in the darkest areas there is no undergrowth, except for some pine and fir seedlings and saprophytic phanerogams such as Sarcodes sanguinea, Pterospora andromedea, Corallorhiza maculata, and Pyrola secunda.
In one of the darker parts of this forest, with a pure stand of Pinus murrayana, the following observations were made. In Fig. 1 the percent of living trees in any one of five size classifications was entered. The age of the trees is fairly well correlated with the diameter of the stem, with the 24-to 40-cm diameter trunks probably 90 years old, when Little Valley was logged to provide timbers for the mines of Virginia City, 15 km east of Little Valley. It is interesting that about half of the trees were alive, even among the smallest ones. These small ones had grown up in the deep shade of the large trees, with 2-6% of the outside light reaching their needles, a light intensity at which all branches of the older trees were dead. competition all branches below 4-to 5-m height were killed, the branches of young trees were alive. Therefore, intertree competition is weaker or less effective than intratree competition. It was also interesting to note that all dead trees over 5 m in height had produced cones, still attached to their dead branches. So, even those trees that had succumbed at a fairly early age had still had a chance to reproduce.
In this case the number of seedlings that develops in the established forest is small, and only after good seed years a few Pinus murrayana seeds germinate. Their seedlings have the ability to grow at a very low light intensity, perhaps because they are partially fed by mycorrhiza, which are able to supply not only minerals but also organic food to their roots. This feeding they accomplish in a manner similar to that by which the mycorrhizal fungi feed phanerogamic saprophytes. This food is derived from the decomposition of forest litter, which is available in abundance in the Pinus murrayana forest and which greatly stimulates pine seedling growth (18) . A fair number of these seedlings grow into young trees, which are able to develop even in very deep shade, as described earlier, and where the similar death rate of trees of all sizes ( Fig. 1) suggests that little intertree competition occurs.
In several tropical forests, where according to common concensus the fiercest interplant competition occurs, the seedling situation is similar to that in the Pinus murrayana forest. In rain forests, seedlings grow very slowly in the deep shade; after 5-10 years they may be still only a few decimeters tall with very few leaves, far too small to compete with each other. In a dark forest in the Central Amazon basin near Manaus, with hardly any herbs as undergrowth (0.5/M2), there were 10.2 5-to 10-year-old tree seedlings per M2, equally distributed over classes with 1, 2, 3, 4, 5, 6, 7, and 8 leaves, with only 1.0 dead seedling per M2. A similar situation was found in a forest near the mouth of the Amazon near Belem (Table  4) , with on the average only five seedlings of the 5-to 10-yearold class per M2. Similar numbers were found near Borba along the Madeira River and below Tingo Maria along the Huallaga River, both tributaries to the Amazon.
With my experience in a mountain rain forest in Java (16) and observations in forests in Trinidad and Costa Rica, I can state positively that in tropical rain forests normally only a few tree seedlings germinate per year per M2, and that many of these seedlings survive for a long time, with hardly any foliage, in deep shade, probably partially fed by mycorrhiza, for all of them have an extensive superficial root system in the forest litter. The only two exceptions to this rule I have seen were (i) in a Javanese mountain forest, where thousands of In a fourth set of cases, the development of trees in a conifer forest and in tropical rain forests was considered. It turns out that intraplant competition is an important factor in the development of conifer trees, whereas interplant competition is of secondary importance. In tropical rainforests, there does not seem to be any competition between plants, at least between seedlings of the forest trees. They are suppressed by the lack of light due to the dense canopy, but there is no obvious struggle between seedlings or between young trees.
It would be possible to discuss dozens of other cases where either there is or is not interaction within or between plants that might come under the heading of competition. The general conclusion about plant competition would still remain Competition Among Plants 589 the same.
There definitely are cases where competition in the sense of strife exists among plants, and where this competition is a factor in survival, and where allelopathy is a factor in evolution. We do get elimination of such forms that are less effective in their struggle for existence. Yet, the successful survival of so many primitive plants such as algae or conifers makes us wonder about the general effectiveness of competition in evolution. Besides, only competition between organisms that have not reached the 100% level of adaptedness could result in differential survival, and it is remarkable in how few generations the 100% adaptedness can be reached in breeding experiments [examples: sugar level in beets and sugar cane, growth rates in tomato plants (19) ]. If selection through competition were the all-important factor in evolution, we could expect evolution to stop at some time in the future.
But we have also seen that competition plays no, or only a minor, role in environments that are still in full evolution, such as in a tropical rain forest. Therefore, my general conclusion is that competition is an overrated factor in the plant world. It exists, but does not have the overriding importance that is imputed to it in the animal kingdom, where active competition and elimination of competitors is possible. Even among zoologists the importance of competition in evolution has been questioned (15) .
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